Background: Proper defining of normal landmarks in lateral cephalograms is important for establishing proper orthodontic treatment plan. Objectives: To evaluate the agreement of dental students to identify normal landmarks (NLs) in digital lateral cephalograms and cone beam computed tomography (CBCT) images. Patients and Methods: In this study, lateral cephalograms and CBCT images of 11 orthodontic patients were selected. Three fourthyear dental students were asked to identify 19 NLs after calibrating digital lateral cephalograms and 3D CBCT images. Then, the distances of each landmark from the superior and anterior edges of the images were measured for each observer. Results: The observers' errors fell within a range of -1.03 to 2.74 in two-dimensional cephalometry and a range of -0.88 to 2.31 in 3D CBCT, showing a 95% limit of agreement. According to the intraclass correlation coefficient (ICC) comparison made by our student observers, only 5% of interobserver assessment in CBCT and 20% in lateral cephalometry showed poor reliability. These same observers showed more agreement when identifying NLs on soft tissue as compared to hard tissue structures and also in detecting NLs located in the midsagittal region rather than on lateral sides in both modalities. Their differences in agreement in detecting midsagittal NLs rather than on lateral sides were statistically significant (P = 0.0001).
Background
Since introducing the first standardized cephalograms, cephalometric analysis has become a necessity in designing orthodontic treatment. Several factors that influence the detection and tracing of normal landmarks on lateral cephalograms are image quality, accuracy and reproducibility. In cephalometric analysis, errors may occur that are caused by the geometry of the X-ray beam, overlapping anatomical structures, the different magnification of bilateral structures and patient head position (1) (2) (3) . Projectional magnification and distortion could lead to variations in orthodontic and surgical treatment planning (4) . Many anatomical landmarks used in cephalometric analysis are located in the midsagittal plane and are not prone to the errors of structural superimposition, but other paramedial structures become distorted because of their locations in different depths (1) .
New technological advances in craniofacial imaging such as CBCT improve the ability of identifying anatomical landmarks by providing the facility of reconstructing three-dimensional (3D) images. It seems that CBCT technology allows us to overcome the inherent errors of twodimensional (2D) cephalograms and to further improve the identification of cephalometric landmarks (5) . As a result, by using CBCT images, the accuracy and reliability of observers in identifying normal landmarks increase (6) (7) (8) . The most important advantages of using CBCT lateral cephalograms are the ability to reposition or to realign the head orientation digitally when the patient's head position is not correct and to generate separate images of both left and right sides which are used to properly assess facial asymmetry (5) left sides in CBCT prevents projectional magnification that is seen in conventional cephalograms (9) .
Replacement of conventional radiographs with 3D images may be an unavoidable or predictable trend especially in complicated skeletal deformities. In order for the orthodontic community to accept this inevitable transition from 2D to 3D analysis, achieving harmony of CBCTderived analysis with the analysis of the existing database on lateral cephalograms is necessary (8, 10) . Various studies have been performed to evaluate normal landmarks on CBCT-derived cephalograms (11, 12) . In addition, the precision and accuracy of measurements made via CBCT images have been studied by several investigators (11, (13) (14) (15) . It has been reported that measurements on CBCT-derived cephalograms did not clinically differ from those on conventional cephalograms in vivo or in vitro (11, 13) .
Reliability of 3D analysis of anatomical landmarks and the feasibility of correctly identifying anatomical features in their respective sites has been studied, but not fully accepted yet (16, 17) .
Inconsistency in properly defining landmarks is one of the major sources of error made when attempting to obtain reliable and accurate cephalometric measurements. In addition to imaging quality, many other variables potentially influence landmark identification errors, including the location and characteristics of individual landmarks, the experience of the observer and the information available regarding the patient's personal/treatment history (i.e. age, sex, metallic restorations in the mouth and facial asymmetry). However, the many variables that potentially affect landmark identification errors in CBCT cephalograms are not completely known yet (12) .
Cephalometric landmark tracing-based teaching on 2D cephalometric radiographs is important in orthodontic courses. The concerns about transitioning from using 2D images to 3D scans can be reduced by knowing the degree to which 2D training on landmark identification may be generalized to achieving accurate landmark identification in 3D images as most oral specialists, especially orthodontists, are more familiar with identifying normal landmarks in 2D images. As a result, it is thought not to be that easy to adapt dental practitioners to using 3D imaginary methods.
Objectives
This study was designed to investigate the effect of routine orthodontic training course during dental education on the degree of agreement that exists among dental students when making an assessment of normal landmarks in 3D views of CBCT images. We want to confirm that we only focused on the effects of 2D orthodontic training on perception of 3D views of CBCT modality.
Patients and Methods
In this descriptive-analytical study, we compared 11 randomly selected digital lateral cephalograms with their corresponding CBCT images obtained from a private dental imaging clinic. The selected orthodontic patients did not have syndromal or craniofacial diseases. High quality lateral cephalometric images were available for these patients who also needed CBCT for various reasons which included diagnosing impacted teeth or performing other dental examinations. Before conducting this research, we obtained the approval of the ethics committee of the Guilan University of Medical Sciences research foundation (ethics approval number 1390) in Rasht, Iran to ensure our compliance with the recommendations of the declaration of Helsinki and Tokyo for humans including all amendments and revisions.
Digital lateral cephalograms were captured by storage phosphor plate cassettes using a Planmeca Ec Proline machine (Planmeca, Helsinki, Finland). These images were then scanned and digitized using a CR system scanner (Konica Minolta holdings, Inc., Tokyo, Japan). After ensuring the quality of the images and making the desired adjustments to show density and contrast, they were transferred to a PACS system (PACSPLUS, Orange County, CA) as digital imaging and communications in medicine (DI-COM) data and then exported to an electronic folder of cephalometric images as jpg.formatted images. Exposure settings were different for various patients. All cephalometric images were prepared by stabilizing the patient's head in a natural position using ear rods.
CBCT images were acquired with a New Tom VG device (QR Srl Company,Verona, Italy) by selecting a 9-inch field of view (FOV) in a head position similar to that in which the patient had been stabilized using cephalometric units but without employing extracranial references (i.e. a ruler and the chain). After first taking the required volumetric images, study images having a 1-mm axial slice thickness were then generated. Lateral 3D images taken in volume model style and in bone model color to show hard and soft tissue aspects were reconstructed using NNT Viewer software, Version 2.21. The Camera Shot tool available in this NNT Viewer software was employed to take a photo from 3D images. These photos were then stored in jpg.format in an electronic 3D image folder.
All digital cephalograms were calibrated in sizes ranging from 160 to 210 mm and had a 290 pixels/inch resolution. These images were then exported to Photoshop software (middle eastern version) for pinpoint detection of normal landmarks (Figure 1 ). Three fourth-year dental students, who had been trained only in cephalometric analysis in an orthodontic course with the same in-2
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structor that had more than ten years of teaching experience, were asked to locate 19 normal landmarks. Training in cephalometric analysis had been based on attending lectures and practicing on printed radiographs. The contents of these lectures on cephalometric analysis were based on the demonstration of normal landmarks on skull models and in conventional radiographs. Before detecting specified landmarks, their definitions, as depicted in Table 1 , were given to each student observer. Terms are defined by three experienced (10 + years each) orthodontists as co-investigators. For bilateral landmarks, these same observers identified the ones that had more clarity. Then the student observers identified the same normal landmarks on 3D images, including lateral views of 3D-reconstructed hard ( Figure 2A ) and soft tissue images ( Figure 2B ) in the same manner as they had done for the previously viewed 2D images. Afterwards, 2D and 3D images traced by each observer were subsequently transferred to SCANORA software (Sordex, Helsinki, Finland) and the distances of each normal landmark detected by each observer to the anterior and the upper edges were measured by a co-investigator of this 
Statistical Analysis
Data were entered into SPSS Version 19 software (SPSS, Chicago, IL) and both X-and Y-measurements of each normal landmark as calculated for our 11 subjects in both imaging modalities were compared for our three observers. To determine the best estimate of the true value for each anatomical landmark, we used the average of the three student observers' estimates made of each landmark To evaluate reliability, we used X-and Y-values, calculated by using the 3D imaging method to allow for reasonable comparison of these distances shown when using the 2D imaging modality. Note Z-values (i.e. depth measurements) were not used to study reliability.
To determine the respective mean errors, we used the average of the absolute value of the difference of our three student observers distance estimation from the best estimation point of each normal landmark location in the Xand Y-directions for both imaging modalities.
Intraclass correlation coefficients (ICCs) were used to determine the agreement levels observed among our student observers. An ICC of less than 85% was considered to be the low level of significant difference. The Bland-Altman test was used to assess the agreement levels between our 2D and 3D methods and to establish the interobserver reliability coefficient (IRC). A P value ≤ 0.05 was considered as statistically significant.
Results
In this study, 19 normal anatomical landmarks were evaluated using digital lateral 2D cephalograms and 3D CBCT images of 11 orthodontic patients. Three fourth-year dental students were asked to identify these normal landmarks after calibrating images in both imaging modalities. Table 2 reveals the best estimation of each anatomical landmark location studied and depicts standard errors made by our observers in each modality when identifying these sites in both X-and Y-directions.
The comparison between mean errors made by our student observers when viewing images in both 2D and 3D imaging modalities is shown in Table 3 . According to the Table 3 ANS in the X-direction (P = 0.001), N in the Ydirection (P = 0.014), Or in the Y-direction (P < 0.001) and Pog' in the Y-direction (P = 0.01) show statistically significant differences between the two imaging methods. However, in 3D CBCT, the errors or variations of our student observers in the detection of anatomical landmarks were lower than those found in 2D cephalometry. It was the reverse for the detection of Con (P = 0.033) and MIE (P = 0.021) in the X-direction. A mean error greater than 1mm in the detection of normal landmarks was reported more often in 3D CBCT images than in 2D cephalograms.
The ICC test was used for evaluation of our student observers' variations in their levels of agreement when detecting of normal landmarks in both X-and Y-directions (Table 4) . Variations between these three observers were reported 15% more frequently in the detection of Pog' in the Y-direction and in the recognition of ANS and Or in the Xdirection in the 2D modality, but they were not statistically significant. The ICC in the detection of A in the Y-direction in both 2D and 3D imaging modalities was not significant, although in recognizing other normal landmarks, the ICC of the observers being greater than 0.85 and having a P value of ≤ 0.5 was ideal. Table 5 shows the mean errors made by our student observers in the localization of anatomical landmarks on soft and hard tissues in both 2D and 3D modalities.
The mean student observer errors in the detection of normal landmarks that were located on lateral sides were greater in the midsagittal plane in both modalities. Moreover, they were statistically significant (P = 0.0001).
The interobserver reliability coefficient (IRC) of observers in each modality as determined by Bland-Altman analysis is shown in Table 6 . The limit of observer agreement in 2D imaging modality was greater than in 3D modality, but it was not statistically significant.
Discussion
However, diagnostic errors are the main source of cephalometric tracing errors and could be related to technical and/or individual judgment errors. In cephalometric analysis, the observer's reliability in detecting normal landmarks has a close correlation with both the educational level and practical experience of observers. Various studies (19, 20) have confirmed that interobserver differences might have the most significant effects on the reliability of accurately detecting anatomical landmarks, a conclusion that concurs with our results.
Chien et al. have shown that 2D lateral cephalograms in comparison with 3D images had greater than 1-mm errors in X-and/or Y-directions in detecting the following landmarks: ANS, A, Con, basion, Or, Po and midramus. The Go in the Y-direction had greater error in 3D images compared to 2D ones (7). In our study, mean student observer errors occurred three times more frequently in the detection of ANS in the X-direction as well as the recognition of N and Or landmarks in the Y-direction when comparing 2D with 3D imaging modalities. Mean observer errors in the detection of MIE and Con in the X-direction occurred 1.5 times more frequently in the 3D rather than the 2D modality. In our study, similar to other studies (7, 18, 21 ) the error in localizing ANS and Or landmarks in 2D lateral cephalograms as compared to 3D CBCT was greater and, moreover, statistically significant. However, it was not similar in the detection of Con and Po.
In the Lagravere et al. study (20) , inter-and intraexaminer reliability in the detection of most landmarks in lateral cephalograms was reported at a greater than 0.9 level except for Po, basion and Con in the Y-direction. In our study, when detecting A in the Y-direction in the 3D modality and in recognizing A and Pog' in the Y-direction as well as ANS and Or in the X-direction in the 2D modality, the ICC of our three student observers was weak in relation to the expected ICC of 0.85; thus, it was not statistically significant. With regard to detecting other normal landmarks, the ICC was reported as good and it was statistically significant. The ICC in the detection of A in 3D CBCT comparing with 2D cephalograms was greater. Considering the importance of the detection of A when using cephalometric analysis, the variability in observer recognition of this anatomical point in conventional cephalograms contributes to the problems in making correct landmark identification therein. Detecting Pog' in soft tissue in Iran J Ortho. 2016; 11(1):e5251. 5 the 2D modality was more difficult than in 3D due to having less soft tissue contrast. The difficulty in correctly detecting the ANS landmark could be due to the superimposition of the shadow of the nasal ala on it. The superimposition that one side makes on the other side of the face could be the reason for the more difficult detection of Or in 2D modality.
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on CBCT-generated cephalograms are more accurate than those calculated in conventional cephalograms (22, 23) . Kumar et al. (11) has compared conventional cephalograms and CBCT-generated cephalograms on dry skulls and from human samples and have shown that there were no statistically significant differences. In our study, the mean error in the detection of anatomical landmarks in lateral cephalograms was greater than in CBCT. Additional investigations (13, 24) have revealed that the method of imaging is not an important variable in the detection of cephalometric landmarks. However, in this study, our student observers showed greater agreement in the detection of normal landmarks and proved that the imaging modality used, i.e. 3D as compared to 2D is important. de Oliveira et al. (25) have evaluated the reliability of observers in 3D-landmark identification using CBCT. They showed that 3% of IRCs were < 0.45. The ICC was reported as > 0.9 for 66% of interobserver assessments. A poor indication of reliability was shown in the Y-and Zcoordinates as indicated by an ICC < 0.45 for two cases (6.66%) in the Y-coordinate and for one case (3.3%) in the Zcoordinate, thereby affecting only three interobserver assessments (3.3%). Two bilateral landmarks, i.e. the right and left ramus in the Y-coordinate and in the right and left Con in the Z-coordinate, showed low ICC scores (25) . In our study, no ICC < 0.45 was reported. In only one normal landmark (A in the Y-direction) in 3D and four landmarks in the 2D modality (A and Pog' in the Y-direction as well as ANS and Or in the X-direction), the ICC was reported as < 0.85. The interobserver ICC in the detection of other normal landmarks was > 0.85 and, thus, considered to be excellent. Overall, only 5% of interobserver assessments in 3D CBCT and 20% of interobserver assessments in using 2D cephalograms were < 0.85 and, therefore, classified as poor.
Perez Couceiro and de Vasconcellos Vilella suggested 3D images are more reliable for the identification of Po, Or, A, B and N landmarks as all of these are difficult to detect in 2D cephalograms. Similarly, the lower mandibular border was identified in 3D modality more easily (26) .
In our study ANS, N, Or and Pog' in the Y-direction were detected with less error in 3D than in 2D modality.
Couceiro and Vilella study (26) also assert that the values of the measurements taken from 3D images showed less discrepancy and greater reliability when identifying some cephalometric landmarks. This finding is compatible with Nakajima et al. (27) and our study. Chang et al. (12) have revealed that landmark identification errors on the CBCT-derived cephalograms were greater for N, Or, and ANS and less for Pog, Gn, Me, and basion landmarks. In our study, landmark identification errors in digital lateral cephalograms were also greater for ANS, N, Or and Pog' than those made on 3D CBCT images.
In our study, mean errors in the detection of normal landmarks located located on lateral sides were more frequently made in identifying midsagittal landmarks in both modalities. This finding is compatible with Kumar et al. (13) and Gribel et al. (23) Greater lateral landmark identification errors e.g Or could be related those of a physical character because many observers had experienced difficulty in detecting landmarks on blurred images of superimposed bilateral structures (16). Ludlow et al. (28) have reported that the reliability of 3D landmark identification on CBCT volumetric images was more precise for bilateral landmarks such as Go and Or as compared with conventional 2D cephalograms.
Overall, our mean student observer errors in locating of soft tissue landmarks were less frequently made in 3D than in 2D modality. Even the agreement of these observers in locating soft tissue landmarks was greater than detecting hard tissue ones. This is related to the character of soft tissue landmarks located in the midsagittal plane that show less superimposition and have proper contrast resolution.
The teaching program of our orthodontics course on the topic of lateral cephalogram tracing was based on having students identify cephalometric landmarks on radiographs after they had imagined those same points on the skull while attending lectures that had been accompanied by PowerPoint slide presentations. Then the students had to find and trace the landmarks on the printed radiographs themselves and review them with their professors or they were asked to detect new landmarks using an interactive model. This method of teaching seems to be effective in enhancing the ability of dental students to locate anatomical landmarks on CBCT without their having to undergo special training.
Conclusion
Mean observer errors in detecting anatomical landmarks in 2D lateral cephalograms were greater than in 3D CBCT modality, but they were not statistically significant. In both methods, our student observers in the detection of the midsagittal plane and soft tissue landmarks also showed greater agreement. Therefore, the training of 2D cephalometric analysis based on 3D imagination for dental students could be helpful in 3D CBCT analysis.
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